Laboratory experiments were carried out to evaluate the acceptance of Trichogramma evanescens (Westwood) (Hymenoptera: Trichogrammatidae) to long and short cold storage periods of the host, the Angoumois grain moth, Sitotroga cerealella Olivier (Lepidoptera: Gelechiidae) eggs. The eggs were stored at 5°C for 5, 10, 15, 20, and 30 days, before exposing to the parasitoid. Fecundity, longevity, percentage of adult emergence, sex ratio, and general productivity (GP) were investigated. Storage period to 5 days showed the highest productivity of (28.16 females), with a parasitism efficiency of 85.64%. Increasing storage periods to 10, 15, and 20 days reduced the general productivity of the females to 22.90, 15.00, and 7.75 females, respectively, accompanied by decreased parasitization efficacy values 69.65, 46.62, and 23.57%, respectively. The 30-day storage period decreased sharply the fitness components of Trichogramma females. Generally, the results indicated that the storage period to 5 days was the most favorable.
Background
Cold storage of rearing host eggs received more attention in recent years because of its importance in the field of biological control (Huang et al. 2017) . It assures its availability in sufficient numbers at the time of release, providing flexibility and efficiency in mass production (Gosh and Ballal 2017) . It is used to slow development, to facilitate organisms, and to accommodate fluctuating demand for augmentative biological control agents (Gardner et al. 2012) . Trichogramma evanescens (Westwood) (Hymenoptera: Trichogrammatidae) is a true egg parasitoid species, widely used in inoculative and augmentative release programs to regulate pest populations, mainly lepidopterous ones (Smith 1996) . It shows a vital role in destroying the early stages of the pest; the eggs. The Angoumois grain moth, Sitotroga cerealella Olivier (Lepidoptera: Gelechiidae), is mainly considered one of the major and commercial rearing hosts of Trichogramma parasitoids in laboratory (Hassan 1995) . Cold storage of the host eggs that will be exposed to the parasitoid after its storage for different periods may have an impact on the efficiency of Trichogramma parasitoids. (Bradely et al. 2004 ) and the elongation of cold storage may affect the survival of the resulting parasitoids with a remarkable reduction in the efficiency of produced females (Ozder 2004) .
The aim of this work was to select a suitable cold storage durations of Sitotroga host eggs that affect positively the performance of the resulting Trichogramma.
Materials and methods
This work was conducted at Fayoum Laboratory of Trichogramma Mass Rearing, Plant Protection Research Institute, Agricultural Research Center, Egypt. Rearing of egg parasitoids, Trichogramma, required the host eggs prepared on cards by a thin layer of ordinary glue to produce eggs in which the parasitoids will develop. Rearing moths and parasitoids were conducted at the laboratory conditions at 25 ± 2°C and 75 ± 5% RH. The tested host eggs were stored in an incubator at 5°C.
Rearing of Sitotroga cerealella
Sitotroga cerealella Olivier (Lepidoptera: Gelechiidae) was reared according to the techniques modified by Laing and Eden (1990) and Hassan (1995) .
Rearing of Trichogramma evanescens
T. evanescens was mass reared using S. cerealella eggs as described by Abd EL Hafez (1995) , where the host eggs (< 24 h old) were placed on self-adhesive paper cards of 21 × 15 cm, then exposed to the parasitoids in glass jars (2 l capacity) provided with drops of sugar cane honey for nutrition. The jars were covered by cloth-wrapped cotton and fixed in position by rubber bands. Egg cards were renewed daily to avoid super-parasitism.
Experimental technique
Eggs of Sitotroga were stored in an incubator at 5°C, according to Filho et al. (2014) for 5, 10, 15, 20, and 30 days. Fresh eggs were used as control. Twenty-five replicates were carried out per treatment. Stored eggs were tested immediately after each cold storage period by exposing them to separated and mated females under the laboratory conditions. Fifty S. cerealella eggs of both cold stored and control were placed on self-adhesive paper cards, each in a test tube (4 × 8.5 cm) before exposing to a separated, mated Trichogramma female. A drop of sugar cane honey was provided as food placed on the inner side of each tube. The egg cards were replaced daily until the parasitoid females died. Parasitized eggs were kept in clean vials under the same rearing conditions. The number of parasitized eggs (blackened host eggs) was counted and recorded as fecundity of females in each treatment. The percentage of emerged adults was calculated as the number of emerged adults vs. the number of parasitized eggs × 100. Female's ratio was estimated as the number of produced females vs. number of individuals' × 100.
The general productivity (GP) was calculated as GP = rate of emergence × rate of produced females in progeny × fecundity (Tshernyshev and Afonina 1995) . The parasitization efficiency (PE) as one of the main parameters in evaluating female's performance was considered as the rate of general productivity in relation to control. The reduction in PE was estimated for each treatment.
Statistical analysis
The statistical analysis of variance program, ANOVA, was used. Duncan's multiple range test (Duncan 1955 ) was used to separate means (Snedecor and Cochran 1980) .
Results and discussion
Effect of different cold storage periods of S. cerealella eggs on the efficacy of T. evanescens Data in Table 1 shows that the parasitization on the non-cold-stored host eggs (control) were higher than any of the cold stored ones. Statistically, cold storage of host eggs had a significant effect on the acceptance of Trichogramma females (P < 0.05). Considering 5 days stored eggs, the percentage of parasitization decreased from 96.44 to 90.08%. All the cold storage periods significantly affected also the adult emergence (P < 0.05). In the control, the percentage of parasitoid emergence attained 96.92%, while it was 94.85% for the 5 days' storage at 5°C. The other cold storage periods (10, 15, 20, and 30 days) resulted in the adult emergence percentages of 84.91, 80.48, 61.17, and 50.73%, respectively (Table 1) .
Cold storage periods significantly affected the percentage of produced females in progeny. It averaged 70.04%. This percent decreased to 48.46% in case of the eggs stored for 30 days (Table 1) .
Longevity of females declined significantly with increasing the duration of the host eggs cold storage (P < 0.05). The females produced from 5-day cold-stored eggs at 5°C lived nearly as that of the control, but they differed insignificantly from those produced from 10-day coldstored host eggs. Female emergence rates from the cold-stored host eggs for 15, 20, and 30 days showed shorter life span with the means of 3.44, 2.8, and 2.48 days, respectively (Table 1) .
Effect of different cold storage periods on productivity of T. evanescens
Cold storage of the host eggs caused a reduction in the biological parameters of the produced parasitoid adults, represented in the fecundity, adult emergence percentage, and ratio of females. These parameters were conflicted on the general productivity (GP) of the produced females, which was reduced from 32.88 females at the control group to only 2.51 females in case of 30 days storage group. This result conflicted the parasitization efficacy (PE), which was reduced from 85.64% at the group of 5-day storage to 7.63% at the 30 days stored group. Accordingly, the PE reduction reached 14.36 and 92.37%, at 5 and 30 days cold storage groups, respectively ( Table 2 ).
The present work indicated that cold storage can help in extending the availability of Trichogramma in sufficient numbers, which is desired in mass production leading to the efficiency in field release applications.
Obtained results are in constancy with those of Gardner et al. (2012) who reported that cold storage of bio agents could help in reducing costs of production by allowing discontinuous production schedules. Also, Gosh and Ballal (2017) reported that the host egg storage, with different techniques, would be beneficial for laboratories to stock host eggs leading to continuous production of Trichogramma for field release. Obtained results revealed that cold storage of S. cerealella eggs at 5°C for 5 up to 10 days had no severe effects on the fitness components of T. evanescens females, as the period of 5 days was nearly similar to the control results, followed by the 10-day cold storage period. On the other hand, exposure of the Sitotroga eggs to low temperatures for long durations up to 30 days showed a reduction in all biological parameters.
The results of Gerco and Stilinovic (1998) agree with the present work data as they advised that the suitable cold storage periods for S. cerealella eggs must not extend past 35 days. In addition, using different species of the host eggs or different methods of the host egg preservation, the storage duration up to 30 days adversely influenced adult emergence percentage, fecundity and the produced female's ratio in progeny EL Khayat et al. (2001) who worked on Pectinophora gossypiella (Saunds.) eggs, and Tuncbilek et al. (2009) who worked on Ephestia kuehniella (Zeller). The present results varied than other works conducted on different species of Trichogramma and different factitious hosts as Paulo et al. (2014) who evaluated the suitability of Anagasta (Ephestia) kuehniella eggs stored at 5°C as a host for Trichogrammatoidea annulata, T. galloi, T. cacacioi, T. atopovirilia, T. benneti, T. brasiliensis, T. bruni, T. demoraesi, T. pretiosum, and T. soaresi at different storage periods from 5 days up to 40 days. They mentioned that all the species varied in their parasitism up to 24 days, except T. acacioi, which parasitized the cold host eggs for longer periods showing the highest parasitism and adult emergence. Also, Karaborklu and Ayvaz (2007) reported that emergence, parasitism, and longevity of T. evanescens adults emerged from stored host eggs decreased depending on the storage periods at 4°C; however, sex ratio of adults was not affected by storage temperature and periods. The results of Wu et al. (2018) revealed that the survival rates of T. chilonis immatures decreased significantly when Corcyra cephalonica eggs were cold stored for more than 15 days.
The present results revealed that the general productivity of females decreased from 32.88 females at the control group to 28.16 females at the 5 days group and then it decreased drastically to 2.51 females at 30 days group. This may be due to the low temperatures that reduce host eggs vitality. Corresponding results of Kostal et al. (2004) reported that rearing the parasitoids on coldstored host eggs usually reduces their performance as long as the exposure to the low temperature and reduces the host eggs quality and vitality. Also, Huang et al. (2017) stated that cold storage of the host eggs was very important to meet the need of Trichogramma mass rearing, but the elongation of such periods caused changes in the chemical components of C. cephalonica eggs, which affected the growth and development of Trichogramma parasitoids.
Conclusion
The obtained results revealed that the cold storage of the S. cerealella eggs for 5 days was the suitable duration for sustainable production of high-quality Trichogramma parasitoid individuals, and it is recommended to store S. cerealella eggs at 5°C for not more than 10 days. 
